Communication networks had a separate deployment for each emerging service like Telephone networks, data networks and multimedia networks. In Integrated Services Network the packets are transmitted using efficient statistical multiplexing. In this paper, we develop and analyze a two-node communication network with dynamic bandwidth allocation having bulk arrivals. The performance of the statistical multiplexing is measured by approximating the arrival and the service process with Poisson process and the bulk size is uniform which is chosen such that several of the statistical characteristics of the communication network identically match with the Poisson process. Through mathematical modeling, the performance measures of the communication network like the joint probability generating function of the buffer size distribution, the average content of the buffers, the mean delays in transmission, the throughput of the nodes and utilization are derived explicitly under transient conditions. Through numerical studies, the sensitivity of the input parameters on the performance measures is also carried. It is observed that the dynamic bandwidth allocation strategy and bulk size distribution of the arrivals have significant effect on the performance measures. This network is much useful in satellite communications and Internet service providing, etc,
INTRODUCTION
Much work has been reported regarding communication networks and their performance evaluation. Martin Reiser (1982) and Jaime Jungok Bae(1991) Because of the unpredicted nature of demand at transmission lines congestion occurs in communication systems. Statistical multiplexing is one of the major considerations for efficient utilization of the resources. With the statistical multiplexing load dependent communication network models have been generated to accommodate the bit dropping methodologies (Kin K. Leung, 2002) . Bit dropping method can be classified as IBD (Input Bit Dropping) and OBD (Output Bit Dropping). Depending on the implementation of the actual algorithms, IBD or OBD performance is measured. As a result of the bit dropping or flow control strategies voice quality is expected to degrade gracefully when overload occurs. The extent of degradation of service quality is a function of the fraction of voice calls lost, which in turn depends on the load. To have an efficient transmission with high quality, it is needed to consider the variation on transmission rates based on the contents of the buffers. This is often referred as dynamic bandwidth allocation. ). These strategies are developed based on arrival process of the packets through bit dropping and flow control techniques. It is needed to utilize the bandwidth maximum possible by developing strategies of transmission control based on buffer size. One such strategy is dynamic bandwidth allocation. In dynamic bandwidth allocation, the transmission rate of the packet is adjusted instantaneously depending upon the content of the buffer. Recently P.Suresh Varma et al (2007) has developed some communication network models using dynamic bandwidth allocation. However, they considered that the arrivals of packets to the buffer are single. But, in store-and-forward communication the messages are packetized and transmitted. When a message is packetized, the number of packets of that message is random having bulk in size. Hence, considering single packet arrival to the initial node may not accurately evaluate the performance of the communication network. Therefore, in this paper, a communication network with dynamic bandwidth allocation having bulk arrivals is developed and analyzed under Markovian environment. This model wick characterize the two node communication networks arising at places like Telecommunications, Satellite communications, computer communications etc. more close to the realistic situation.
The statistical multiplexing of the communication network is characterized by considering that the arrival and transmission process follow Poisson and the number of arrivals to the initial node is in batch with a random size having uniform distribution. The performance of the communication network is carried through deriving the joint probability generating function of the buffer size distribution, the mean content of the buffers, the mean delay in transmission, the throughput etc. A numerical illustration for sensitivity of the network with respect to the input parameters is given.
A COMMUNICATION NETWORK WITH DYANMIC BANDWIDTH ALLOCATION AND BULK ARRIVALS
Tandem communication systems received lot of attention in literature. These communication networks consisting of two nodes, having two buffers transmits data over a common shared system. In these communication systems, the messages are packetized at the source and stored in buffers for transmission. When a message arrives, it is converted into data/voice packets of a pre-fixed length. The number of packets that a message can be converted is random depending upon the length of the message. Hence, the arrivals of packets to the initial buffer is in bulk having a variable size. After being transmitted in the first node, it is transmitted through second node. In both the nodes the transmission is carried with dynamic bandwidth allocation strategy. In DBA, the transmission rate is a linear function of number of packets in the buffer. Here, it is assumed that the arrival of packets follow a compound Poisson process with arrival rate λE(X), where X is the number of packets a message can be converted and having probability mass function as "C k "{C k , k=1, 2, 3, …..,}. The number of transmissions at each node also follow Poisson with parameters "µ 1 " and "µ 2 " depending upon the number of packets in first and second buffers respectively. The queue discipline is First-in-First-Out (FIFO). Let n 1 and n 2 are the random variable which denotes the number of packets in first and second buffers of the network respectively. 12 n ,n P (t) be the probability that there are n 1 and n 2 packets in first buffer and second buffer respectively. The schematic diagram representing a communication network model with bulk arrival under equilibrium is shown in figure 1 . n ,n P (t) be the probability that there are n1 packets in the first buffer and n2 packets in the second buffer at time t. The difference -differential equations of the Communication network are n1 n ,n 1 2 1 1 2 2 n ,n 1 1 n 1,n 1 2 2 n ,n 1 n k,n k 1 2 2 2 1 2 1 1 k 1 P (t) n n P (t) n 1 P (t) n 1 P (t) P t C t (1)
P (t) P (t) P (t) 2 P (t) t (6) with initial conditions 12 00 n ,n P (0) 1; P (0) 0 for n 1 , n 2 >0
Let P(z 1 ,z 2 ;t) be the joint probability generating function of 
multiplying the equations (1) to (6) n n n n n n 1 2 1 1 2 2 n n 1 2 n 1 n 1 n 1 n 1
Rearrange the terms
Using the Lagrangian"s method, the auxiliary equations of the equation (9) are
Solving the equation (10) 
Where u, v and w are arbitrary integral constants. Therefore
Substituting the value of "w"
This implies
Substituting the values of u and v in the above equation and simplifying, one can get the joint probability generating function of the two node communication network with bulk arrivals as
PERFORMANCE MEASURES OF THE NETWORK
The probability that the network is empty is
(15) The probability generating function of the first buffer size distribution is
The probability that the first buffer is empty is
The mean number of packets in the first buffer is
The utilization of the first node is
The probability generating function of the second buffer size distribution is
(20) The probability that the second buffer is empty is 2 1
The mean number of packets in the second buffer is
The utilization of the second node is
The mean number of packets in the network is
Throughput of the first node is
The average delay in the first buffer is
Throughput of the second node is
The average delay in the second buffer is
The variance of the number of packets in the first buffer is
The variance of number of packets in the second buffer is 1 e e e k.C (30) The coefficient of variation of the number of packets in the first buffer is
The coefficient of variation of the number of packets in the second buffer is 
PARTICULAR CASE WHEN THE BATCH SIZE IS UNIFORMLY DISTRIBUTED
For obtaining the performance of the communication network at is needed to know the functional form of the probability mass function of the number of packets that a message can be converted (C k ). Let the batch size of packets follows a uniform (rectangular) distribution. Then, the probability distribution of the batch size of packets in a message is k . Substituting the value of C k in (1), we get the joint probability generating function of the number of packets in both the buffers is 2 1
(33) The probability that the network is empty is The probability that the first buffer is empty as
The probability that the second buffer is empty is 2 1 J (r J
The mean number of packets in the second buffer is 
The mean number of packets in the network is 
The average delay in the first buffer is 
The average delay in the second buffer is 
The coefficient of variation of the number of packets in the first buffer is
PERFORMANCE EVALUATION OF THE COMMUNICATION NETWORK
The performance of the proposed network is discussed through numerical data illustration. Different values of the parameters are considered for bandwidth allocation and arrival of packets. After interacting with the technical staff at the Internet service providing station, it is considered that the message arrival rate (λ) varies from 1x10 4 messages/sec to 5x10 4 messages/sec. Then each message is converted into some number of packets of arbitrary size depending on the size of the message. It is assumed that the number of packets that a message can be converted into varies from 1 to 30. Hence, the number of arrivals of packets to the buffer are in batches of random size. The batch size is assumed to follow uniform distribution with parameters (a, b). After node 1, the packets are forwarded to the connected buffers at the node 2, with a forward transmission rate (μ 1 ) of 2.5x10 4 packets/sec to 4.5x10 4 packets/sec. It is further assumed that the packets leave the second node with a transmission rate (μ 2 ) of 5x10 4 packets/sec to 9x10 4 packets/sec. In both the nodes, dynamic bandwidth allocation is considered i.e. the transmission rate of each packet depends on the number of packets in the buffer connected to it at that instant.
From the equations (37), (38),(41), (42) and (43) the mean number of packets and the utilization of the network are computed for different values of t, a, b, λ, μ 1, μ 2 and are given in Table1. The relationship between mean number of packets in the buffers and in the whole network and the utilization of the nodes with respect to the input parameters is shown in Figure 2 .
It is observed that after 0.1 seconds, the first buffer is having on an average of 24726 packets, after 0.3 seconds it rapidly raised to an average of 52410.4 packets. After 1 second, the first buffer is containing an average of 73626.3 packets and there after the system stabilizes and the average number of packets remains to be the same for fixed values of other parameters (5, 25, 2, 4, 8) for (a, b, λ, μ 1, μ 2 ). It is also observed that as time (t) varies from 0.1 to 1 seconds, average content of the second buffer and the network increase from 4075.8 packets to 36138.9 packets and from 28801.8 packets to 109765.2 packets respectively.
As the batch size distribution parameter (a) varies from 1x10 4 packets/sec to 5x10 4 packets/sec, the first buffer, second buffer and the network average content increase from 63809.5 packets to 73626.3 packets, 31320.4 packets to 36138.9 packets and 95129.9 packets to 109765.2 packets respectively when other parameters remain fixed. As the batch size distribution parameter (b) varies from 10x10 4 packets/sec to 30x10 4 packets/sec, the first buffer, second buffer and the network average content increase from 36813.2 packets to 85897.4 packets, 18069.5 packets to 42162.1 packets and 54882.6 packets to 128059.4 packets respectively when other parameters remain fixed. As the arrival rate of messages (λ) varies from 1x10 4 messages/sec to 3x10 4 messages/sec, the first buffer, second buffer and the network average content increase from 36813.2 packets to 110439.5 packets, 18069.5 packets to 54208.4 packets and 54882.6 packets to 164647.9 packets respectively when other parameters remain fixed at (1, 5, 25, 4, 8) for (t, a, b, μ 1, μ 2 ). Similarly when the values of t, λ, a, and b increases, the utilization of node 1 and node 2 were also increasing. The effect of variation in the transmission rates of the nodes (μ 1, μ 2 ) on the mean number of packets in the buffers and network as well on utilization of the nodes can be observed from the table1.
From the equations (44) to (47), the throughput and the average delay of the network are computed for different values of t, a, b, λ, μ 1, μ 2 and are given in Table 1 . The relationship between average delay and throughput of the nodes with respect to the input parameters is in figure 3 . It can be observed from the table1 and figure3 that when the input parameters t, λ, a, b are increasing, the throughput of the nodes and average delay in both the buffers are also increasing. The influence of the transmission rates of the nodes on the performance measures can also be observed from the table1.
The values of other performance measures like the probability of emptiness of the first, second buffers and the network are also computed and analyzed. When the values of the parameters t, a, b and λ increase, the probabilities of emptiness of both buffers decrease. When the transmission rate of node1 (μ 1 ) increases, the probability of emptiness of the first buffer increase whereas the probability of emptiness of the second buffer decreases. When the transmission rate of second node (μ 2 ) increases, the probability of emptiness of the second node increases whereas it remains constant for node1.
Using the equations given section 4, the values for variance of number of packets in each buffer and the coefficient of variation of the number of packets in each buffer are also computed. If the variance increases then the burstness of the buffers will be high. Hence, the parameters are to be adjusted such that the variance of the buffer content in each buffer must be small. The coefficient of variation of the number of packets in each buffer will helps us to understand the consistency of the traffic flow through buffers. If coefficient of variation is large then the flow is inconsistent and the requirement to search the assignable causes of high variation. It also helps us to compare the smooth flow of packets in two or more nodes.
From this analysis it is observed that the dynamic bandwidth allocation strategy has a significant influence on all performance measures of the network. It is further observed that the performance measures are highly sensitive towards smaller values of time. Hence, it is optimal to consider dynamic bandwidth allocation and evaluate the performance under transient conditions. It is also to be observed that the congestion in buffers and delays in transmission can be reduced to a minimum level by adapting dynamic bandwidth allocation. This phenomenon has a vital bearing on quality of service (QoS).
SENSITIVITY ANALYSIS
Sensitivity analysis of the model is performed with respect of the t, a, b, λ, μ 1, μ 2 on the mean number packets in the first and second buffers, the mean number of packets in the network, the mean delay in the first and second buffers, the utilization and throughput of the first and second nodes.
The following data has been considered for the sensitivity analysis. t = 0.1 sec, a=5 x10 4 packets/sec, b=25 x10 4 packets/sec, λ = 2x10 4 packets/sec, μ 1 = 4x10 4 packets/sec , μ 2 = 8x10 4 packets/sec
The performance measures of the model are computed with variation of -15%, -10%, 0%, +5%, +10% and +15% on the input parameters t, λ, μ 1, μ 2 and -60%, -40%, -20%, 0%, +20%, +40% and +60% on the batch size distribution parameters a and b to retain them as integers. The computed values are given in Table 2 .
The performance measures are highly affected by time (t) and the batch size distribution of arrivals. As (t) increases to 15% the average number of packets in the two buffers and total network increase along with the average delays in buffers. Similarly, as arrival rate of messages (λ) increases by 15% the average number 
CONCLUSIONS
In this paper a two node Communication network with dynamic bandwidth allocation having bulk arrivals is developed and analyzed under transient condition. The dynamic bandwidth allocation strategy here reflects the instantaneous changing rate of transmission in nodes depending upon the content of the buffer connected to it. The novelty of this Communication network is that the arrival of packets to the initial node is in bulk with random size. The performance of the statistical multiplexing is measured by approximating the arrival process with a compound Poisson and the transmission process with Poisson process. This is chosen such that the statistical characteristics of the Communication network identically match with the Poisson process and uniform distribution. The sensitivity of the network with respect to input parameters is studied through numerical illustrations. It is observed that the dynamic bandwidth allocation strategy and the parameters of bulk size distribution have a significant impact on the performance measures of the network. It is further observed that transient analysis of the Communication network will approximate the performance measures more close to the practical situation. This network can also be extended to the multi node communication networks. It is interesting to note that this Communication network model includes some of the earlier Communication network model given by P.S.Varma and K.Srinivasa Rao (2007) 
